In this paper, Modified Decomposition Method by Adomian and Rach has been implemented to analyze nonlinear Volterra integro-differential equations. The suggested approach is much better than the standard version of the Adomian decomposition method. Some examples are provided to illustrate the method.
Introduction
In 1990, Adomian and Rach [1] introduced a modification to the classical Adomian method, based on 'Multiple decomposition'. For computational convenience purpose, they introduced the decomposition of both the system inputs and system operators together with the solution process to achieve simple to integrate series for linear and nonlinear differential equations. In 1991, Adomian and Rach [2] defined a nonlinear 'Transformation Series' that will be evaluated using the Adomian polynomials in the decomposition method. Given a specific function ( ( )) with given by a convergent series, the evaluation of ( ( )) can be made by using the Adomian polynomials used to represent the nonlinearities in differential and partial differential equations. For an analytic function ( ( )), , it can be written ( ( )) = ∑ ( 0 , In 1992, Adomian and Rach [3] generalized the theorem on transformation of series presented in Ref. [2] to function of several variables. The result is valuable in deriving solutions of coupled ordinary differential equations with general nonlinear coupling terms. Using the modified decomposition method of the authors, they stated the following theorems:
, and
where the are Adomian polynomials of functions of two variables ( , ). This can be extended to n-dimensions and n-dimensional Adomian polynomials. In initial-value problem defined by a system of linear homogeneous differential equations, the power series solutions yields simple recurrence relations for the coefficients. But such solutions are generally not adequate for nonlinear equations, although they are applicable to some simple cases such as the Riccati equation. The results from the Adomian decomposition method [1] and 'Theorem 2' were used by Adomian and Rach on transformation of series, stated in 'Theorem 1', in order to extend the Maclaurin method. Adomian solved the general operator equations = by using the decomposition = ∑ ∞ =0 , which is a special case of the expansion of ( ) = ∑ ( 0 , is convergent. This is simply an extension to Taylor series:
Thus, the Adomian series is actually a generalized form of Taylor series about a function rather than a point. In a linear case, it can be reduced to the well-known Taylor series. Further, Maclaurin series can be made more useful by combining it with Adomian polynomials and decomposition techniques. In References [2] and [3] , the authors showed that the extended Maclaurin series can be used for coupled differential equations and partial differential equations. They also showed that the Adomian series resulting from the decomposition method has superior convergence properties, in spite the improved power of the Maclaurin series with the use of the Adomian polynomials and decomposition techniques. It is also evident that the power series solution becomes complicated in collecting terms, while the decomposition series is always simple in this respect. Further work to Adomian and Rach [4] showed the applicability of the method for the solution of linear or nonlinear partial differential equations and coupled equations; and they also showed that the convergence is faster using Adomian decomposition series than using the extended or improved power series. Using the concept of modified decomposition series, Adomian and Rach [5] established that inhomogeneous nonlinear partial differential equations with variable coefficients and inputs are solvable and the coefficients were easily programmable. Also, they found the solutions of nonlinear partial differential equations using an extended Maclaurin series form of the decomposition method and the Adomian polynomials [6] . Recently, several other researchers have applied this modification for solving a wide class of problems. Lazhar Bougoffa [7] studied the solvability of the predator and prey system with variable coefficients and showed the comparison of the results with this modified decomposition method. In Ref. [8] , M. Almazmumy, et al. used this modification in the solution of the initial value problems in ordinary differential equations.
Modified Decomposition Method by Adomian and Rach
We consider the integro-differential equation of the form
with initial conditions (0) = ,
, applying −1 to both sides of (2.1), and using initial conditions, we obtain:
We proceed the solution ( ), the inhomogeneous term and the nonlinear term in a series form
where the polynomials , = 0,1, … are called Adomian polynomials, and let the kernel be formed as
(2.6)
. Substituting (2.3)-(2.6) in (2.2) gives 
Computational results
Example 2.1 Consider nonlinear Volterra integro-differential equation . .
We now get the recursive relation Consider the system of nonlinear Volterra integro-differential equation The results produced by the present method with only few components (m=10) are in a very good agreement with the best of the results of the methods listed in Table 1 . The present method solution compared with exact solution in Figure ( , we have 
Conclusion
In this study, the modification of Adomian and Rach was applied to Volterra integro-differential equations. We obtained accurate approximation analytical solution for Volterra integro-differential equations and the system of Volterra integro-differential equations. 
